Introduction
Disorders of sex development (DSD) refer to congenital conditions in which development of chromosomal, gonadal or anatomical sex is atypical. [1] Among DSDs, some of them are expressed as congenital condition while in others it may be manifested during puberty due to hormonal rage. Clinical presentation observed in patients with DSD ranges from ambiguous genitalia to complete female phenotype. Patient with DSD may have dysgenetic wolffian structure such as dysgenetic testes, mild to severe penoscrotal hypospadias with or without chordee; whereas the dysgenetic mullerian structure can also be observed that ranges from absence to the presence of a fully developed uterus and fallopian tubes.
Among chromosomal abnormalities, DSDs are determined by presence/absence or numerical abnormality of sex chromosome (X and Y). However some of the conditions are due to single gene disorder. SRY gene present in the Y chromosome is the major male sex determining gene. Although the female development was thought to be a default in the absence of SRY (or Y chromosome); however in recent studies, it has been discovered that the presence of DAX1 gene BACKGROUND: Determination of sex is the result of cascade of molecular events that cause undifferentiated bipotential gonad to develop as a testis or an ovary. A series of genes such as SRY, steroidogenic factor-1 (SF1), AR, SRD5 α, Desert hedgehog (DHH) etc., have been reported to have a significant role in development of sex in the fetus and secondary sexual characteristics at the time of puberty. Recently, mitogen activated protein kinase kinase kinase 1 (MAP3K1) gene was found to be associated with 46, XY disorders of sex development (DSD). AIM: The present study is focused to identify mutations in MAP3K1 gene in the cohort of 10 Indian patients with 46,XY DSD including one family with two affected sisters. These patients were already screened for SRY, SF1 and DHH gene, but no mutation was observed in any of these genes.
MATERIALS AND METHODS:
The entire coding regions of MAP3K1 were amplified and sequenced using the gene specific primers. RESULTS AND DISCUSSIONS: Sequence analysis of MAP3K1 gene has revealed four variants including one missense, two silent and one deletion mutation. The missense mutation p.D806N was observed in four patients with hypospadias. Two patients showed the presence of silent mutation p.Q1028Q present in exon 14. Another silent mutation p.T428T was observed in a patient with gonadal dysgenesis. We have also observed one deletion mutation p. 942insT present in two patients. The pathogenicity of the missense mutation p.D806N was carried out using in-silico approach. Sequence homology analysis has revealed that the aspartate at 806 was found to be well-conserved across species, indicated the importance of this residue. The score for polyphen analysis of this mutation was found to be 0.999 indicating to be pathogenic mutation. Since, p.D806N mutation was found to be important residue; it Das, et al.: Mutation analysis of MAP2K1 gene on X chromosome accounts for female phenotype in mice. [2] Gonadal sex determination takes place when the bipotential gonadal ridge turns into either testes or ovaries. The process starts around 4 th week and ends by 12 th week of pregnancy and is directed in a critically timed and gene dosage dependent manner. SRY gene stimulates the bipotential gonadal ridge to develop into testes. Testes produce two hormones testosterone and anti-mullerian hormone (AMH). Testosterone and its derivative dihydrotestosterone induce the formation of wolffian structures while AMH degenerates the mullerian duct; therefore, manifests male phenotype.
In females (46, XX) who do not possess the SRY gene, the ovary forming pathway is activated by a different set of proteins. The fully developed ovary then produces estrogen which triggers the development of uterus, oviducts and cervix from the mullerian duct. Along with SRY gene, various autosomal and sex-linked genes such as SOX9, WT1, steroidogenic factor-1 (SF1), AR, DHH and MAP3K1 are also known to be involved in the process of sex development of the fetus.
Our present study is focused on identification of mutations in mitogen activated protein kinase kinase kinase 1 (MAP3K1) gene that belongs to MAPK family of genes, which is known to be involved in transmitting signals generated at the cell surface into the cytosol and nucleus. [3] MAPKs comprise a family of ubiquitous proline-directed, protein-serine/threonine kinases, which participate in signal transduction pathways that control intracellular events including acute responses to hormones and major developmental changes in organisms. [4] Recently, MAP3K1 was first associated with 46,XY DSD by Pearlman et al. [5] However, Warr et al. has demonstrated from their studies that MAP3K1 has insignificant role in testis determination of mice. [6] Taking into consideration that the MAP3K1 gene is required for development, therefore, MAP3K1 is one of the suspected genes that might cause downstream alterations in development of sex in humans. In this study, mutation analysis of MAP3K1 gene was carried out in 10 cases of DSD.
Materials and Methods

Patients
All patients screened in this study were sporadic. 10 patients with 46,XY DSD were selected for the study.
Patients were classified according to gender identity disorder in children listed under Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition. The clinical presentations of all the patients were given in Table 1 . were stained with ethidium bromide (0.5 mg/ml).
Genomic deoxyribonucleic acid isolation and polymerase chain reaction amplification
Sequencing and analysis of sequence
The PCR products were gel purified using QIAquick Both multiple sequence alignment and weblogo revealed that the p.D806N was well conserved across species [ Figure 2a and 2b]. The polyphen analysis (http:// genetics.bwh.harvard.edu/pph2/) was also carried out and the score for this missense mutation was found to be 0.999.
Discussion
DSD consist of a wide range of disorders and are more common in those with an XY karyotype. [7] The most widely used method to find out the genetic abnormality in 46,XY DSD cases is by sequencing the exonic region of suspected genes and to analyze those for the presence of mutation/s. In this study, mutation analysis in all exonic regions of MAP3K1 gene was carried out in a cohort of 10 patients including one family with two affected sisters. Several sex chromosomal and autosomal genes are responsible for sexual development. In our earlier study, two homozygous mutations in the Desert hedgehog (DHH) gene were reported. Two mutations were a homozygous deletion (c. 271_273delGAG) that resulted in a deletion of one amino acid (p.D90del) and a homozygous duplication (c. 57-60dupAGCC) that resulted in premature termination resulting in non-functional DHH protein. Structural studies on the p.D90del mutant revealed that the mutation could seriously perturb the interaction of DHH with its binding partners. [8] Patients involved in present study were already screened for SRY, SF1 and DHH gene and were found to have no mutations in any of the above genes. MAP3K1 gene is known as a member of the MEK/ERK signaling pathway. MAPK cascades are key signaling pathways involved in the regulation of normal cell proliferation, survival and differentiation. An aberrant regulation of MAPK cascades is known to contribute to cancer and other human diseases. [9] However recently, MAP3K1 was associated with 46,XY DSD in a study where a linkage analysis on long arm of chromosome five was carried out in 46,XY DSD patients from two families and 11 sporadic cases. MAP3K1 expression was also observed throughout the mouse embryonic gonad at 11.5 dpc which is the sex-determining stage of gonad development. Staining was observed within the testis cords at 13.5 dpc in a pattern indicative of Sertoli cell expression. [5] However, despite of observing minor abnormalities in testis development in mice lacking MAP3K1 gene, Warr et al. concluded that MAP3K1 has no significant role for mouse testis determination. [6] In four of our patients, a missense mutation p. Genotype-phenotype correlation of this mutation have been carried out and found that all the patients with this mutation had hypospadias with associated gonadal abnormality. However, interestingly this missense mutation was found to be a polymorphism in NCBI SNP database. The significant association of this mutation have been shown to be associated with asthma. [10] However, genital abnormality with this polymorphism has not been reported.
A silent mutation (p.Q1028Q) was identified on exon 14 of MAP3K1 in patient 6. Clinical presentation of this patient had bilateral, well-developed, palpable gonads with ambiguous genitalia. Since, the mutation does not change the amino acid, thus may not affect protein structure.
In another patient, two mutation comprising of one deletion mutation (p.T942ins) and silent mutation (p.T428T) were identified in patient 10. The clinical presentation of this patient was observed like androgen insensitivity syndrome (no mutation in AR gene). In addition, the deletion mutation (p.T942ins) was also present in patients 8.
Conclusion
We have identified four sequence variants in MAP3K1 gene including one missense mutation, two silent mutations, and a deletion mutation. All the mutations were found to be polymorphism upon comparing to dbSNP. However, in-silico analysis of the missense mutation revealed to be a pathogenic mutation. Further in-vitro analysis would confirm the damaging effect of this mutation. In this report, we reported mutation/ 
